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Abstract	
	
Nowadays	the	study	using	Structure	from	Motion	(SfM)	to	mapping	unstructured	
aerial	 images	using	 some	commercial	optical	 sensors	onboard	small	Unmanned	Aerial	
Vehicle	(UAV)	has	been	increasing	in	several	research	fields.	In	this	study,	we	applied	this	
UAV‐SfM	technology	for	Geology	and	Paleontology	fields,	and	study	area	is	Sangiran	area	
in	 central	 Jawa,	 Indonesia.	 Conventionally,	 it	 is	 difficult	 to	 get	 information	 of	 the	
sedimentation	 process	 and	 the	 layer	 type	 in	 Archaeological	 area.	 It	 is	 also	 difficult	 to	
specify	the	exact	location	and	type	of	fossils	are.	Our	proposed	technology	solved	these	
problems	by	using	low	cost	equipment,	spending	less	time	for	preparation	and	mapping	
process,	and	providing	high	resolution	3D	images	with	the	locational	and	the	geological	
information.	Firstly,	several	photographs	which	were	aerially	shot	using	the	commercial	
digital	camera	onboard	small	UAV	were	obtained	and	some	fossils	sample	with	GPS	data	
used	by	digital	camera	collected	in	the	study	area	simulteneously.	Next,	point	clouds,	high	
resolution	 3D	 images,	 DSMs,	 Orthophotographs	 were	 generated	 by	 the	 calculation	 of	
those	 photographs	 data	 using	 the	 SfM	 technology.	 And	 also,	 to	 combine	 the	 image	
processing	of	DIn‐SAR	with	UAV‐SfM	technique	provide	us	the	information	of	Geological	
both	detailed	and	overall	changes	in	Sangiran	area.	
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1. Introduction	
 
 Nowadays,	the	remote	sensing	technology	using	small	UAV	and	SfM	(Structure	
from	Motion)	has	been	increasing.	This	technique	is	applied	for	several	research	field	
especially	geology.	This	technique	has	the	advantage	for	inaccessible	area.	Small	UAV	
can	be	operated	from	start	point	to	about	200m	manually.	If	autopilot	system	of	the	UAV	
can	be	used,	small	UAV	can	flight	about	1000m	distance.	In	archeological	survey,	the	
investigation	was	carried	out	in	only	accessible	area	conventionally	but	this	technique	
can	make	us	access	to	inaccessible	area.	D‐InSAR	image	processing	is	also	advanced	
remote	sensing	technology.	It	can	make	sure	where	crustal	deformation	happened.	In	
this	study,	both	UAV‐SfM	technique	and	D‐InSAR	image	processing	are	applied	for	
archeological	area	and	we	want	to	show	how	effective	this	advanced	remote	sensing	
technology	is	for	archeology,	geology	and	paleontology.		
 
2. Methods		
 
The	flowchart	in	this	study	is	below.	
 
 
 
 
 At	first,	the	investigation	concluded	getting	aerial	photographs	and	collecting	
fossils	was	carried	out.	Next,	SfM	&	GIS	processing	and	D‐InSAR	image	processing	have	
been	done	simultaneously.	Final,	both	data	was	exported	to	Google	Earth.	
 
 
2.1. The	small	UAV		
	
In	this	study,	“DJI	Phantom2”	was	used	as	small	UAV.	It	can	be	operated	easily	
without	special	knowledge	about	the	radio‐controlled	vehicle.	This	UAV	has	4	propellers	
and	it	is	also	called	Quad‐Copter.	It	contains	GPS	inside	body	and	it	can	adjust	aerial	
location	automatically.	The	size	is	400mm	*	400mm	*	190mm,	weight	is	1030g,	max	
flight	time	is	25min,	and	payload	limitation	is	about	300g.		
Figure 1. Flowchart of methods
Figure 2. DJI Phantom2
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2.2. The	digital	camera	
	
In	this	study,	“Nikon	COOLPIX	A”	was	used	as	the	optical	sensor	onboard	the	
small	UAV.	It	can	be	installed	size	and	weight	to	the	small	UAV,	which	can	get	high‐
resolution	images	with	a	single‐lens	reflex	camera.	The	most	important	function	is	the	
interval	shooting	function	during	aerial	photography.	Less	than	1‐sec	interval	time	is	the	
best	for	usual	aerial	photography.	This	camera	has	minimum	1‐sec	interval	time.	Nikon	
sells	separate	GPS	unit	which	can	be	set	on	COOLPIX	A.	In	advance	this	GPS	unit	should	
be	set	on	it	and	this	is	how	the	aerial	images	can	get	GPS	information.	These	GPS	
information	is	so	effective	to	build	3D‐models	after	that.		
	
	
	
2.3. Aerial	photography	
 
We	visited	Sangiran	in	central	Jawa	in	30	April	to	1	May	2016.	Observation	sites	
were	Duku	Ngampon,	Pablengan,	Drepo	and	Kabuh	in	Sangiran.	They	were	fine	days	in	
all	investigation	times.	Basically,	taking	aerial	photographs	were	carried	out	twice	in	
each	area.	One	is	a	horizontal	shoot,	the	other	is	about	45	degree	look	angle	shoot.	One	
flight	time	is	less	than	15‐min	in	each	area.	We	shorten	10‐min	than	maximum	flight	
time	25‐min	because	of	loading	digital	camera	on	UAV	and	safety	operation.		
	
	
2.4. Collecting	fossils	
	
Fossils	were	collected	each	area	in	order	to	classify	the	type	of	them	and	register	
the	location	where	each	fossil	existed.	If	fossils	locations	are	registered,	the	images	with	
GPS	information	is	very	effective	and	they	help	us	to	notify	the	location	on	their	3D‐
models.		
	
	
2.5. SfM	processing	
 
In	this	phase,	3D‐models	can	be	built	by	SfM	(Structure	from	Motion)	processing	
on	the	software	(Agisoft	Photscan).	SfM	is	a	technique	that	calculates	the	three‐
dimensional	geometry	(Structure)	and	the	camera	attitude	change	(Motion)	
simultaneously	by	tracking	feature	points	in	each	image	of	the	moving	camera.	The	
feature	points	mean	a	characteristic	part	of	the	objects	in	each	image.		
	
	
	
	
Figure 3. Nikon COOLPIX A
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2.6. ArcGIS	processing	
 
 In	this	phase,	the	DSM	of	Drepo	area	was	made	from	that	3D‐model	on	ArcGIS.	In	
advance,	the	las	data	of	3D‐model	should	be	exported	on	Photoscan	in	order	to	make	
DSM	on	ArcGIS.	The	noted	point	is	to	change	coordinate	from	WGS84	to	UTMzone49S.	
This	processing	can	help	us	to	find	height	value	of	the	layer	in	each	area.		
	
	
2.7. D‐InSAR	processing	
	
	 D‐InSAR	image	processing	was	analyzed	on	SNAP.	The	images	from	ALOS‐2	were	
used	and	these	images	are	in	8	Feb	2015	and	7	Feb	2016.	Thus	the	displacement	for	one	
year	was	analyzed	in	this	study.	The	flowchart	of	this	phase	is	as	below.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure 4. Flowchart of D-InSAR image processing
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3. Results		
	
3.1. 3D	models	
	
	
 Figure 5. 3D-model of Drepo 1	
 Figure 6. 3D-model of Drepo 2 
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 Figure 7. 3D-model of Drepo 3 
 
	
 Figure 8. Fossils in Drepo	
	
	
3.2. Orthophotograph	
 
 
	
	
Figure 9. Orthophotograph of Drepo
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3.3. ArcGIS	processing	
 
 
 
 Figure 10. DSM of Drepo 
	
	
3.4. D‐InSAR	image	processing	
 
 
 Figure 11. D-InSAR image processing of Sangiran area	
	
4. Discussion		
	
	 As	a	result,	we	were	able	to	get	the	detailed	information	of	an	archeological	area	
in	Sangiran	by	small	UAV,	digital	camera	and	SfM	technique.	Collected	fossils	were	
marked	on	3D‐model	visually.	And	also,	we	were	able	to	get	the	displacement	value	in	
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Sangiran	area	by	D‐InSAR	image	processing	on	SNAP.	It	can	make	sure	where	the	most	
changing	for	one	year	is	in	Sangiran.	If	we	go	surveying	those	areas,	new	archeological	
area	will	be	found	due	to	some	disaster	like	landslides.	And	also	the	detailed	information	
of	those	areas	will	be	able	to	be	got	by	our	UAV‐SfM	technique.	So	we	will	have	to	
investigate	Sangiran	again,	especially	higher	displacement	value	area,	and	make	sure	if	
D‐InSAR	image	processing	result	points	out	our	expectative	phenomena.		
	
	
5. Conclusion	
	
	 In	this	study,	the	application	of	the	advanced	remote	sensing	for	archeology	was	
shown	by	building	3D‐models,	making	DSM	and	processing	ALOS‐2	images.	In	
conventional	methods,	it	took	a	long	time	for	us	to	research	archeological	area	and	to	
find	new	one.	This	study	is	expected	to	define	that	advanced	remote	sensing	technology	
will	get	more	effective	to	research	archeological	area	than	the	conventional	methods.	
	
	
Acknowledgements	
 
 
 The	author	would	like	to	appreciate	to	Professor	Agus	Hartoko	in	Diponegoro	
University	and	Professor	Josaphat	Tetuko	Sri	Sumantyo	in	Chiba	University	for	
arrangement	of	the	investigation	in	central	Jawa	and	any	supporting.	And	also,	the	
author	would	like	to	thank	Achmad	Fama	in	Diponegoro	University	for	supporting	when	
operating	the	small	UAV	and	giving	me	some	ideas	for	geology	and	paleontology.		
	
References	
	
小花和宏之、早川裕弌、ゴメス・クリストファー：UAV 空撮と SfM を用いたアクセ
 ス困難地の 3D モデリング、Japanese	Geomorphological	Union、	35‐3、	
	 pp283‐294、2014	
川崎英明、安齋翔次郎、中島宗宏、岡本良夫、小泉俊夫：ブータン伝統住居実測調
 査での UAV の利用について、写真測量学会平成 26 年度秋季学術講演会発表
 論文集、pp11‐12、2014	
M.	Itihara,	Sudijono,	D.	Kadar,	T.Shibasaki,	H.	Kumai,	S.	Yoshikawa,	F.	Aziz,	T.	Soeradi,	
	 Wikamo,	A.P.	Kadar,	F.	Hasibuan,	Y.	Kagemori：GEOLOGY	AND	STRATIGRAPHY	
	 OF	THE	SANGIRAN	AREA,	QUATERNARY	GEOLOGY	OF	THE	HOMINID	FOSSIL	
	 BEARING	FORMATIONS	IN	JAVA,	pp11‐27,	1976‐1979	
